Introduction
It is now clear that service in the Gulf war is associated with an increased rate of reported symptoms and worsening subjective health, 1 even if most research has not confirmed the existence of a specific new syndrome. [2] [3] [4] The question we address is whether this phenomenon is unique to the Gulf war or has been seen after previous conflicts. In a review based on secondary sources Hyams et al surveyed war syndromes from the US civil war to the Gulf conflict and identified two features that suggested a common relation-the similarity of symptoms and a high frequency of reported diarrhoea and other infectious diseases preceding onset. 5 This study was designed to discover more about the essential characteristics of post-combat syndromes from 1854. When assessed by their symptomatology are they the same, distinct, or akin to varieties within a single species? Did cultural forces and technological advance in warfare affect the overall form of these disorders, the descriptive terms, and the explanations adopted by veterans and doctors?
Subjects and methods

Data sources
We used war pension files as the primary data source because they contained detailed medical and military reports. The assessment procedure for soldiers (regular boards composed of two doctors) did not change greatly over the study period, though the criteria were revised. After 1916, awards were no longer based on a veteran's ability to earn a living wage but were granted according to a standardised schedule of injury in which, for example, the loss of two or more limbs entitled a man to 100%. Medical notes were in most cases detailed and covered servicemen's histories from enlistment until death, and death certificates were often included. Pensioners were required to attend regular medical boards to assess their disability, and specialist opinions were sought. As a result, symptoms were recorded throughout an individual's military service and after discharge. The long term nature of the notes allowed us to exclude cases if a serviceman was found to be suffering from an organic disorder or a major mental illness. We did not include prisoners of war because of the psychological stress they experienced and the nutritional deficits that many encountered. The investigation was restricted to members of the British army.
From six conflicts we identified 10 post-combat syndromes that typified the conflicts, and we included 1856 representative subjects in our study (table 1) . (For a full description of our methods, see the appendix.)
Boer war-We surveyed the entire collection of 6276 files from the Royal Hospital, Chelsea, by diagnosis. We took a random sample of 200 cases of disordered action of the heart (DAH) or valvular disease of the heart where subsequent reports and death certificates indicated a functional disorder, together with 200 cases of rheumatism (in the absence of organic signs such as inflammation and joint swelling). Both disorders were a major cause of invalidity from the forces. Contemporaries believed that DAH was caused by lengthy marching in equipment, which constricted blood flow to and from the heart, while rheumatism was considered a product of fever and exposure to wet conditions. 6 First world war-Staff of the War Pensions Agency selected every 50th file from a total of 1 137 800 to generate a sample of 22 756, and from these we chose 200 cases of shell shock, or neurasthenia as it was reclassified in 1917, and 200 cases of DAH using a random number generator. We also selected 167 servicemen who had been gassed without permanent organic injury and every nurse who had been awarded a pension for DAH or neurasthenia.
Second world war-We chose three diagnostic groups-effort syndrome (for comparison with the Boer war and first world war samples of DAH), psychoneurosis (for comparison with neurasthenia), and non-ulcer dyspepsia. The focus of health concerns in Britain switched from the heart in the first world war to the stomach in the second. 7 To reflect this important change in medical priorities, we randomly selected 100 cases of non-ulcer dyspepsia from war pension files. We also randomly selected 200 cases of psychoneurosis, but we included all cases of effort syndrome because relatively few pensions were awarded for this disorder.
Malayan and Korean conflicts-We encountered considerable problems in finding awards for psychoneurosis, effort syndrome, and dyspepsia from Korea and Malaya partly because troops deployed there represented only a small proportion of the UK armed forces. We included all cases.
Gulf war-Although pensions have been granted to veterans of the Gulf war, we were not granted permission to consult these files. Nevertheless, it was important to study a group who felt that their health was damaged by military service. The Ministry of Defence granted us access to anonymised case records from the Gulf Veterans' Medical Assessment Programme. From their database of 2162 army personnel, we randomly selected 400 Gulf veterans.
Data collection
To collect data in a standardised manner across different conflicts and disorders, we designed a form to record the following information. x Servicemen's biographical details-dates of birth and death, cause of death, education, family history, occupation before and after military service, medical history x Pension details x Military record-nature of recruitment, unit, rank, date of enlistment, dates of discharge and service abroad, time in combat, and traumatic exposures x 94 symptoms in the following groups-fatigue; cognition; cardiovascular and respiratory; gastrointestinal; genitourinary; central nervous system; locomotor system; eye; ear, nose, and throat; skin; psychological state; sleep problems; weight changes; and self inflicted wounds x Results of medical investigations x Servicemen's explanations for their symptoms and comments of examining physicians x Military conduct with a summary of offences.
Statistical analysis
The form consisted of 94 possible symptoms to avoid missing common examples. But, because of computational problems and the inevitable overlap in the information provided by the large number of symptoms, these were reduced to the 25 most common (box).
The resulting dataset with 1856 individuals described by 25 variable values was then subjected to cluster analysis. Because of the large number of observations, we used a k-means algorithm to cluster the data, since more sophisticated clustering techniques cannot cope easily with so large a dataset. For a given number of groups, this method seeks to partition the data so as to minimise the pooled, within-cluster variance. 8 To determine the most appropriate number of groups, we used the gap statistic. 9 This is a computationally intensive approach that builds a null distribution for the test statistic by repeated clustering of the data generated so as not to have any cluster structure. 
Results
Use of the gap statistic resulted in the selection of three clusters of post-combat syndromes (see figure) , which can be characterised as Cluster 1-a debility syndrome but without psychological or cognitive symptoms Cluster 2-a somatic syndrome focused on the heart Cluster 3-a neuropsychiatric syndrome with a range of associated somatic symptoms.
Cluster 1 (n=847)-Fatigue, difficulty completing tasks, shortness of breath, and weakness were prominent symptoms. Rapid heartbeat, tremor, headaches, dizziness, pains in joints, difficulty sleeping, changes in weight, and anxiety were moderately represented. Psychological symptoms such as depression, memory impairment, irritability, and poor concentration were notably absent. This clustering is indicative of a debility syndrome with associated physical signs. Cases were not drawn from any particular conflict (table 2) , though 74% of subjects in the group came from wars fought before 1918.
Cluster 2 (n=434)-Rapid heartbeat, shortness of breath, fatigue and dizziness were prominent. Difficulty completing tasks, headaches, tremor, and anxiety were moderately represented. This symptom cluster is indicative of a functional cardiac syndrome, though the group represents only 39% of all cases of DAH and 44% of cases of effort syndrome. This reflects the degree of overlap in the three clusters and the fact that servicemen diagnosed with functional heart disorders had symptoms related to other areas of the body. Servicemen from the first world war, a conflict dominated by functional cardiac disorders, comprised 49% of the group, whereas the second world war and Gulf war contributed relatively few servicemen (19% and 9% respectively) (table 2) .
Cluster 3 (n=575)-Fatigue, headaches, depression, anxiety, and difficulty sleeping were prominent. Moderately represented were difficulty completing tasks, forgetfulness, rapid heartbeat, shortness of breath, tremor, dizziness, weakness, pains in joints, back pain, sweating, irritability, poor concentration, jumpiness, changes in personality, nightmares, and weight change. Although this cluster includes somatic symptoms, it is characterised by a range of psychological symptoms. Over half of the examples of neurasthenia (52%), psychoneurosis (84%), and Gulf war related illness (54%) fell into this group.
Predicting cluster membership
To assess how much a particular factor explained the differences between these three groups, we conducted a logistic regression analysis using categorical variables. Cluster membership was the response variable, while conflict, sex, rank, nature of recruitment, military conduct, unit, predisposing physical illness, and attribution of symptoms were the explanatory variables. Variations between the individual wars (which were closely correlated to diagnostic terms) proved to be the best single predictor of cluster membership (table 3) . Physical illness preceding onset of war syndrome, military conduct, and exposure to combat also had a mild predictive effect. The remaining variables, though significantly associated with cluster membership in themselves, gave no independent increase in prediction of membership over the four variables mentioned above.
Predicting cluster membership by war
The debility syndrome was largely drawn from veterans of the Victorian campaigns, the Boer war, and the first world war (table 2). The somatic syndrome represented the first world war with subsidiary elements drawn from the Boer war and the second world war. The neuropsychiatric cluster was predominantly composed of second world war and Gulf war servicemen. This suggests that there is an important temporal element running through these post-combat syndromes.
Predicting cluster membership by contemporary diagnosis
Because diagnosis tends to follow changes in medical knowledge and cultural developments, the temporal pattern identified in the analysis by war was also apparent from this variable (table 4). The debility syndrome, shown to be associated with the late 19th and early 20th centuries, also reflected the diagnoses of that period, notably DAH (disordered action of the heart) and rheu- matism. In addition, contemporary labels bear some relation to the three groups, though the matching is not exact. The neuropsychiatric cluster, for example, has 52% of servicemen with neurasthenia, while 87% of rheumatism cases are in the debility cluster.
Predicting cluster membership by servicemen's attributions of symptoms
Servicemen's explanations for these post-combat syndromes were culturally conditioned and varied across the century tied to prevailing health beliefs and concerns (table 5) . Boer war servicemen diagnosed with DAH generally believed it to be the result of either physical illness (26%) or of physical exertion (25%). A different pattern emerged in the first world war, with physical exertion accounting for 45% of the DAH sample and 43% of the neurasthenia group. However, a substantial number of the latter (34%) attributed their symptoms to the psychological stress of military service. They had, perhaps, been educated by psychologically minded physicians and the gradual incursion of psychiatric texts into medical and general literature. The second world war saw this process continue, and 41% of the servicemen with psychoneurosis attributed their symptoms to psychological stress arising from military service, and a further 5% attributed their symptoms to stresses related to their domestic situation. By contrast, 44% of the dyspepsia population ascribed their symptoms to the physical exertions of active service, as did 37% of those with effort syndrome. Only 9% of the Gulf war sample believed that stress had a causal role, whereas 34% thought that their condition was the result of toxic exposure.
Contemporary attributions made by servicemen broadly correlated with the symptom characteristics of the three groups. In the debility cluster, 61% believed that their illness was related to a physical illness, physical injury or strain, climate, or toxic exposure. By comparison, 143 (64%) of the 224 who believed the psychological stress of military service was the cause of their illness came from the neuropsychiatric cluster. Equally, only 23 (12%) of the 186 who believed that they were suffering from a physical illness were found in this group.
Discussion
Based on symptomatology, our study identified three types of post-combat syndrome. We found significant differences in the expression of symptoms between the three groups, implying that there is no single presentation common to all modern wars. Variations seem to be determined by the nature of combat, contemporary 
Second world war
Effort syndrome (n=67) 5 (7) 25 (37) 5 (7) 1 (1) 14 (21) 6 (9) 11 (16) Psychoneurosis (n=200) 9 (5) 65 (33) 7 (4) 1 (1) 82 (41) 10 (5) 26 (13) Dyspepsia (n=100) 12 (12) 44 (44) 10 ( Papers medical knowledge, and important health beliefs and fears. Symptoms, diagnostic labels, and culture are not independent but linked in a dynamic relation. 10 The term shell shock, for example, tied to the first world war, expressed the experience of trench warfare and its features (contractures, tremor, loss of speech) and conveyed something of the heightened stress that men endured. 11 12 Implications for Gulf war syndrome In terms of symptoms, illness related to the Gulf war does not stand apart from the other conflicts. Although most cases fell into the neuropsychiatric cluster, Gulf war veterans are found in all three groups. Hence, not all servicemen engaged in the same conflict can be categorised in the same way, though we did find underlying trends.
Gulf war syndrome has often been attributed to environmental hazards such as depleted uranium, pesticides, and the side effects of vaccinations. However, it may be inferred that the three syndromes are unrelated to any particular exposure as they occurred during several wars, albeit with different frequencies. An analysis of death certificates also showed that veterans with post-combat syndromes did not develop a particular organic illness or have increased mortality. 13 14 Reasons for apparent changes in post-combat syndromes Our findings are based on symptoms extracted from historical medical records subject to contemporary clinical perspectives. Both doctors and patients were probably more alert to symptoms that related to current health issues. In the first world war, when functional heart disorders accounted for over 15 000 admissions in 1915 and the causes of DAH were still being investigated, 15 cardiac symptoms were given prominence. By proposing the underlying psychological foundation of effort syndrome, Paul Wood and Maxwell Jones at Mill Hill plausibly prevented a further flood of cases during the second world war. During this conflict, when the epidemic of duodenal ulcers was almost at its peak, 16 17 gastrointestinal symptoms also became a focus for attention. Discharges from the British army reflected these trends in medical understanding. 18 Although the prominence given to symptoms may have been influenced by prevailing diagnostic paradigms, this bias was mitigated by the fact that servicemen were examined over several decades and by different doctors, sometimes with specialist input.
Shorter has argued that the nature of medically unexplained syndromes has itself changed with a shift from apparently neurological symptoms such as paralyses, tremors, and fits to more ill defined and subjective symptoms such as fatigue, pain, and depression. 19 The apparent reversal of the trend towards greater psychological attribution during the Gulf war may reflect the unique biohazards of that conflict or a counter reaction to the increased awareness of post-traumatic stress disorder from 1980. Although our data are consistent with these cultural shifts, we propose that what has changed is not the symptoms themselves but the way in which they have been reported by veterans and interpreted by doctors.
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Conclusions
Post-combat syndromes have arisen after all major wars over the past century, and we can predict that they will continue to appear after future conflicts. What cannot be accurately forecast is their form, as they are moulded by the changing nature of health fears and warfare. Because war syndromes have been recognised as pensionable disorders and proved difficult to treat, they have cost governments considerable sums in financial assistance. In order to introduce preventive measures and devise effective clinical interventions, it is necessary to understand their characteristics. If each new post-combat syndrome is not interpreted as a unique or novel illness but as part of an understandable pattern of normal responses to the physical and psychological stress of war, then it may be managed in a more effective manner. Contributors: IP, KH, and SW designed the initial study, were grant holders, and contributed to the manuscript. EJ revised the study design, coordinated the study, collected data, and prepared the manuscript. RH-V, HMcC, CB, and DP collected data and contributed to the manuscript. BE performed the statistical analysis. EJ is guarantor for the study.
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What is already known on this topic
Service in the Gulf war is associated with an increased rate of reported symptoms and worsening subjective health Post-combat syndromes have been described after most modern conflicts from the US civil war onwards
What this study adds
There seems to be no single post-combat syndrome but a number of variations on a theme
The ever changing form of post-combat syndromes seems to be related to advances in medical understanding, the developing nature of warfare, and cultural undercurrents
Because reported symptoms are subject to bias and changing emphasis related to advances in medical science or the discovery of new diseases, the characterisation of individual syndromes has to be treated with caution
Attributions by servicemen are generally consistent with symptom characteristics, though there seems to be a growing reluctance to consider the stress of military service as a cause
Appendix: notes on sources
Boer war All the surviving pension files for Boer war veterans, formerly administered by the Royal Hospital, Chelsea, are held at the Public Record Office (PIN71). An analysis of mortality and serial numbers showed that these are not a complete holding. They represent some of the longest lived or more severe cases. We extracted consecutive files in proportion to their alphabetical distribution by surname. While surveying the archive, we found records of a few pensioners who had served in Victorian campaigns, notably Afghanistan, Egypt, and the Sudan. Twenty eight of these had functional somatic disorders, which fell into two broad diagnostic groups-cardiac (19), which included "palpitation" and "irritable heart," and debility (9) .
The first world war
The only surviving war pension records from the first world war are held at the Public Record Office (PIN26). The 22 756 pension records are drawn from the London Region of the Ministry of Pensions, which, under the decentralised system of May 1919, acquired responsibility for South East England. 21 The sampling exercise was undertaken by War Pensions staff, who probably chose London region as the largest and most accessible holding. They selected every 50th file to create a 2% sample (22 756 files) from 1 137 800 records. An official report calculated that, by March 1930, 1 644 000 pensions or gratuities had been granted to veterans of the first world war, 9 which suggests that the London region represented about 60% of the total number of pensions and gratuities awarded for the conflict.
We analysed the 2% sample by diagnosis and selected random samples of DAH (to provide a direct comparison with the Boer war) and shell shock, or neurasthenia as it was reclassified in 1917. We adjusted the proportions of officers to other ranks for DAH and neurasthenia to reflect their distribution within the total population (table 6).
The second world war
Pension files relating to the second world war and the Korean war are closed to public inspection and are held by the Department of Social Security. We obtained ministerial permission to gather anonymised data from these records. The structure of this large archive has important implications for the design of the sample, as specific periods of the war saw different groups of servicemen granted pensions. A detailed survey enabled files to be randomly selected in representative proportions (table 7) . We chose three diagnostic groups-effort syndrome (for comparison with the Boer war and first world war samples of DAH), psychoneurosis (the terms neurasthenia and shell shock having fallen from use), and non-ulcer dyspepsia.
The second world war witnessed an epidemic of suspected duodenal ulcers. Dyspepsia was the largest single cause of medical invalidity from the British Expeditionary Force in France during 1939-40. 22 Indeed, the incidence of peptic ulcer had risen steadily from 1900 and peaked in the early 1950s. 10 23 The focus of health concerns in Britain switched from the heart in the first world war to the stomach in the second world war. To assemble a sample of patients with dyspepsia, we had to extract a large number of veterans with a war pension for duodenal ulcer as few awards had been made for dyspepsia alone. Closer inspection revealed that a substantial number had undergone repeated barium meal radiography, with negative or conflicting findings. Cases with consistently negative radiological results were included in the study, and those with conflicting evidence were re-examined by a consultant radiologist for the purpose of this study. By allowing radiologists and gastroenterologists to inspect the duodenum in detail, modern endoscopy has also improved their ability to interpret radiographs. It was concluded with reasonable certainty that in about a third of suspected duodenal ulcer cases no crater had been present, and we added these to the sample. With this cautious approach, we collected a sample of 100 pensioners. 
